Non-toxic linear sodium monocarboxylates can be successfully used as inhibitors for the corrosion of many metals. The adsorption of these molecules onto a metal is usually achieved by immersing the metal in the carboxylate solution for a few hours. This paper describes the strength of cyclic voltammetry in forming a sodium dodecanoate coating on a lead electrode.
Introduction
The corrosion of lead objects primarily depends on their surroundings, e.g. on environmental conditions. When buried in soil or exposed to the atmosphere, a stable corrosion layer (mainly composed of lead carbonates and lead oxides; e.g. cerussite and litharge) is formed, which, in general, protects the metal against further corrosion. However, lead artefacts can keep on corroding actively when stored in humid and organic acid atmospheres. Such circumstances often are created in wooden display cases, used in museums for storage or exhibition of art and archaeological objects [1] .
A countermeasure for the latter has been found in the use of coatings deposited from solutions of saturated linear monocarboxylates of the type CH 3 (CH 2 ) n-2 COONa, hereafter called NaC n .
In an initial study, Rocca et al. [2] showed that the protection is due to the growth of a crystalline lead monocarboxylate layer (CH 3 (CH 2 ) n-2 COO) 2 Pb, hereafter called Pb(C n ) 2 , which passivates lead surfaces and inhibits corrosion. The degree of inhibition depends on the carbon chain length and on the carboxylate concentration: higher chain lengths and higher concentrations commonly result in higher effectiveness [2] . However, the solubility of sodium monocarboxylates drastically decreases with increasing chain length. A compromise between treatment cost, carbon chain length and water solubility lies, according to Rocca et 3 al., in the application of Pb(C 10 ) 2 (lead decanoate) prepared from a 0.05 mol L -1 NaC 10 solution [3] . The immersion method proposed by these authors relies on the unassisted formation of lead ions upon immersion in solution. The formation of the carboxylate layer is preceded by the oxidation of the metal by the oxygen dissolved in the aqueous solution and then followed by the precipitation of the lead carboxylate [2] [3] [4] . This process takes approximately 24 hours to create a passivating film.
The present work addresses the deposition of Pb(C 12 ) 2 coatings from a different point of view, namely through electrochemical treatment. Electrochemical treatment of metals can produce metal ions which can precipitate with sodium carboxylates. Metal carboxylates, with aliphatic chains, can in their turn form stable films at the metal surface and may inhibit the corrosion of many metals, including lead but also copper, zinc and magnesium, in aerated aqueous solutions [2] [3] [4] [5] [6] [7] . It is expected that the oxidation process could be controlled more directly by electrochemical treatment and more specifically by applying a potential. The first benefit of potential cycling is thus the shortening of the coating process. Another benefit for electrochemical treatment by cyclic voltammetry is the fact that it is a technique which enables one to control and to characterize the layer formed by following the potential and current during the process.
In this work we focus on the deposition of Pb(C 12 ) 2 as electrochemical measurements with NaC 10 were rather irreproducible. In what follows the deposition procedure as well as the ATR-IR and X-ray diffraction measurements, proving the deposition of the layer, will be discussed. 
Experimental

Materials
Electrochemical instrumentation and techniques
Electrochemical experiments were performed in a three electrode cell using a saturated calomel reference electrode (SCE) containing two compartments (Radiometer Analytical, France) and a carbon counter electrode. The working electrodes were lead rods encapsulated in epoxy resin (Goodfellow, purity 99.99%) with an end diameter of 2 mm exposed to the solution. These were pre-treated by mechanical and electrochemical polishing according to the following procedure: before its first use the electrode surface was roughly polished using a silicon carbide paper of grit 600/P1200 to obtain a fresh surface. Fine polishing was achieved using a polishing cloth covered with alumina powder of 1 m particle size (Buehler, USA) in 
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The coating analysis was done under polarization conditions, the linear polarization and Tafel extrapolation techniques were used. The polarization experiments were carried out at a scan rate of 1 mV s -1 from -0.25 to 1.3 V vs E corr . The corrosion potential, E corr , was determined by a potentiometric measurement (zero current) during 1000 s.
ATR-IR and XRD analyses
ATR-IR and XRD spectroscopic analyses were performed in order to obtain qualitative proof of the deposition of dodecanoate onto the lead surface.
Reflectance spectra were acquired using a Biorad FT-IR spectrometer FTS 575C equipped with a "Golden Gate" ATR accessory. The latter was fitted with a diamond crystal. The coating covering the electrode surface was measured directly by pressing the electrode against the ATR crystal. The spectra were recorded over the range 4000-600 cm -1 and averaged over 16 scans.
X-ray diffraction data were obtained from an electrode modified with 30 cycles using a Panalytical X-Pert Pro Multipurpose Diffractometer (MPD) equipped with a curved germanium focussing monochromator to produce CuK 1 radiation (=1.5405Å) and a PIXcel detector. The sample was mounted to receive diffraction in reflection geometry from the surface of the film, which was centred to half-cut the intensity in the direct beam. Data were collected by means of a conventional -2 scan in the 2 range 2-40° with a step-size of 0.0263° 2 over a period of 80 minutes. Figure 1 shows the first four scans recorded at a bare lead electrode in the alkaline noncorrosive reference solution (without carboxylates). The first voltammogram (scan 1) shows two well defined oxidation peaks labelled A 1 (in the potential region from -620 to -300 mV) and A 2 (600 to 1000 mV) due to PbO and PbO 2 formation respectively. In addition, a small shoulder A 1 ′ is observed on the cathodic side of the first anodic process. This process can be 6 explained as the formation of a thin Pb(OH) 2 film according to the following mechanism [8] [9] :
Results and discussion
Electrochemical behaviour of lead in an alkaline solution
The Pb(OH) 2 film formed mostly dissolves, yielding Pb(OH) 3 -ions, whereas the remaining Pb(OH) 2 transforms into PbO at a more positive potential than that required for the formation of Pb(OH) 2 . The mechanism corresponding to this reaction is given below [8] :
The oxidation process A 1 is called the lead dissolution process.
After this process, the electrode becomes passive and the current drops to a lower value and extends over a wide potential range. Within this region, the value of I passivation is nearly constant and to some extent independent of the applied potential. 
When the anodic potential is reversed after process A 2 , two reduction processes appear (C 2 in the potential region from 400 to -400 mV and C 1 from -760 to -1300 mV). It is clear that the process in the potential region from 400 to -400 mV encloses several reduction reactions. This separation could be explained by the fact that PbO 2 would be reduced first to 
Process C 1 occurs in the region of the PbO/Pb potential [8] [9] [10] . This process corresponds to the lead deposition phenomenon.
A change of the voltammetric behaviour is observed during the consecutive scans. This and PbO 2 [11] .
Electrochemical behaviour of lead in a sodium dodecanoate solution
When dodecanoic acid is added to the alkaline reference solution, it is expected that the sodium hydroxide neutralises the acid resulting in the formation of sodium dodecanoate. 
where L -is dodecanoate.
Secondly, there is precipitation of a salt film PbL(s) on the electrode surface when the solubility product of the salt is exceeded. This precipitation at the lead electrode blocks the active sites resulting in an inactivation of the surface with respect to a corrosive medium. The formation of the coating described by the dissolution-precipitation mechanism is controlled by the diffusion of the reacting species. This can be demonstrated by showing that the influence of the scan rate on the peak current obeys the Randles-Sevcik equations [13] [14] . Accordingly, the influence of the scan rate on the peak current is shown in Figure 4 . Both peak current and 9 peak potential increase as a function of scan rate. The inset shows that a linear behaviour is observed for I A1 versus ν 1/2 , typically for this type of system.
As the voltammetric behaviour is stable from scan 2, it can be stated that the electrochemical coating process is rather fast. This might be expected because the initial step to deposit the dodecanoate on the lead surface is the oxidation of lead. By cycling the potential during the electrochemical experiment, the lead electrode is brought in this oxidation state followed by a reaction with the dodecanoate. In contrast, for the immersion method it takes some hours to deposit the dodecanoate film as the lead ions are generated in another way as described by Rocca [2] [3] . is often use to characterize the exact bonding [17] [18] [19] . Waddington and co-workers [17] concluded earlier that a bidentate structure is indicated when is in the vicinity of 100 cm -1 or less and for a bridged ligand the νhas a value near 150 cm -1 . The value for νfor dodecanoate deposition is 95 cm -1 , characteristic for a bidentate structure shown in the inset of 
Spectroscopic characterization of the adsorbed dodecanoate film
Coating analysis
The lead corrosion potential after modification by dodecanoate is ca. 120 mV higher than the potential measured at a lead electrode in the absence of dodecanoate at the surface or in the solution. The performance of NaC 12 for lead protection is investigated by recording potentiodynamic curves. 
